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Mosfet device with a strained 



tract Pa/agraph - ABTX (1) 
Ah ult ra ythin MOSFET device structure located on an 
i ndvilat o r l&ye r, and a 
metho^h-o-f^f o rmmg the ultra thin MOSFET device 
s t ^ r e" • : f e ^ u r i ^ 

silicon, channel located oh the underlying insulator 
layer, has been developed 

After epitaxial growth of a semiconductor alloy layer 
such as a .i.*. icon, ge twin vurn. 

(SiGe) , oh a first semiconductor substrate, a strained 
« vi.ycp \ channel layer, 

under biaxial tensile strain, is e pit axial ly grown on 

tjh'e: [ :imdfe'riy'i| 
semiconductor alloy la 




Bonding ot the strained 



PPSPBSP:;:;:-: 

MOSEET 

device > is >the^ 

featuring the strained <s\l?.vov- channel layer, on the 

:underi}dhg : : : si±ic^^ 

:la^r; : with: enhanced : car rie 

: re suit; : | bf • : the: • :bi;^ 

tensile strain ct the silicon channel layer 

| : ■ :s ^ma ry :|of • : Inyenti 

[0006] Performance optimization of an ultra thin 

possible, through the use of a strained channel region^ 
:whe:re : :|the;:strainx^ 

modifies the band structure of the channel region 
resulting;: in!; ei^anced/lcarrier^X 

transport properties. However the implementation of a < 

;MOSFEij:<feyi:ce:jon 

: insulst or : • fet ructure ,• : • :f eat U ring: • :a- : S t rained ■ : channel : \ : \ 
; region > is :;diffi^^ 

achieve via conventional processes, and therefore not 
: previously :address^^*^ 

: The: • : prese nt : ■ invention : • wi 11 : • ho ws y er • : d e s.c ribe: ;• Q; • -no.y el :•: ;:•:•;; :| 
fabrication process 

sequence is which, a siliom channel region, under 
biaxial tens lie strain, is 

successfully employed as a component: for a MOSFET 
device, where the a i Lifts ft . 

channel region is located in a thin silicon layer which 

:in: : turn>:i^ 

: an: : ins ulato r: : structure:; : : : : : : P rio: r : : a rt: : : s uch : : as :: iKibfee 1 : : : ei: : : : : : 
al, in U. S. Pat. . : NoX : - 

6,313,016; Liaw et al, in U.S. Pat. No. 5,891/769; 

Chu:'et:-:al/;-:in;-U;.;S vX-Pat 

n'q-; : : : 5>:90^ 
fi,:29l>:32i;xa^^ 
: si;j:jin\D:;^ 
methods';:*^ 

semiconductor and semiconductor alloys, on insulator 

st^^ures.|: : :;Thesexi^ 

arts however do not describe the novel process sequence:: 
used-'-iji'-.t 

invention, in which a thin, strained silicon layer IS 
ihsuiat or : : st ructure x : : ; : : : : : : :: : : : x 



Summary of Invention Paragraph r B'STX (10) 

[0000] It is another object of: this invention to 

fo^|:a:;strain4d:c 

a siiici n layer under biaxial tensile strain, obtained 
yia\grd>fc^ 

silicon layer on an underlying relaxed layer or 
lattice constant larger than that of silicon , 
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complete the fabrication Of a 

ultra thin MOSFET device, featuring a silicon channel 
region under biaxial 

tensile strain,, on an underlying insulator structure 



Paragraph 



: drtx: 



Brief Description of Drawings 

[0012] FIGS 1-6, which schematically/ in 
■CrbssKse<3tibnai;s^ 

key stages used to fabricate an ultra thin MOSFET 
device t featuring a a-vl;u?on 

channel region under biaxial tensile strain, located 
directly on an underlying 

:i : risulato:rxstra 

Detail Description Paragraph - DETX (2) 

[0013] The method of fabricating a MOSFET device:, 
: featuring: a : :thin : «lli:con : :-: X;XXX;X;X;XXX;XXX;X;:;X;X;X;X;; 
channel under biaxial strain, located on an underlying • 

will now be described in detail A first semiconductor > 
: sti tetr ate' :co^p 

of single crystalline silicon, with a &lt, 100&gt, 
cryst alio graph 

is provided and shown schematically in FIG 1 A 
niate rial; : ;cOmpr is e d : w^ 

natural lattice constant greater than that of silicon 

IS ; I he xt | ! f 6 rmed ; on; '. first; ! X \ \ !v ! v v ! v !;!;!;! v ! v X v v X ;! | 
semiconductor substrate 1 The natural lattice 
constant: : :of: : a : :mate;ria^ 
lattice : constant : in :t he: ; re 1 axed : state:.- 



Layer 2, a 



nate rial with a natural 
larger lattice constant than that of silicon, can be a 



, layer, or a 



Srbon: :(SiGeG): 



layer The 3iG* . option is 

accomplished via epitaxial growth at a temperature 
between about 400 to 

800ydegr^e;:;X;C^ 
f qr;:si;licon,;:;wiii;le;:u^ 

ge'rmanex as; : ;a ; S puree ; • o/r ; :g$rmani: w ^ xT lie ; 'fehickrie ss : : P:f ■ x§ 
si e<>: : layerx2,x : isx between': 

about: : :0 . ■% : : to : : 1 0: mic rohsV : : wi th : : a • : tract ion: : :o f : : ge:rinani:um :-x| 
between- : al^:ut; :• px^ 

0 8 The growth conditions used for layer 2, result in;: 
iaXreiaxedX &y^ 

silicon semiconductor substrate 1 if: desired layer 2, f 
carl;:be:; comprised 

SiGeC, again obtained via epitaxial growth conditions 
at a temperature between 

about 400 to 800 degree Again si lane:, or disilane, | 

and germane are used: as 

re act ants, with the addition of a hydrocarbon as a 
source xfprXcar 
comprised^ 

ld:;miCriOns;;:;iS;X;X;X;X;X;X;X 

coiap ris ed ; : with ; • a ' ; ge rma'ni' um : ; co nt e nt ; : be twee h: ; about: ; :5Xt 6X ; 
8p*vXand;:%idth;:a:c 

content between about 0 to 4%, with: the SiGeC layer 

again: -:bei^ 
eonditionx-x^ 
schematic^ 

comprised of a relaxed layer 2, on semi co nduct o r 
substrate :!^:-:': :•: :•: :':-:-: : :-;-:':-x 

Detail Description Paragraph -r DETX (5) 

[0016] Referring to third wafer 300, a large a^axr f 
gradient : : exi^sxat : : : the : x : x : : : x : x 

interface between strained s i.l\< or layer 3, and relaxed ;: 
s emico riducittir ! all oy Xor X ; 

iii&s. layer 2. The large gcraan gradient allows a cut 

or:-a-:cieave": : tPxbex : :'x 

accomplished at this interface resulting in the desired:;; 
s'6:i: vCo'nfi:gu'ratio'n: : X 

presented by fourth wafer 400, comprised of strained 
^ijic^> layer ; 

insul a-fcor la yer 5, witl^the SOI region residing on 



con du ct. o r l:s U b straVe 
The combination of a tmn silicon layer, under biaxial 
tensile siivair; on an 

insulator layer, provides the configuration needed to: 
fabricate -:t|h^ 

MOSFET device featuring enhanced carrier mobility in 
the stained channel 

region, with a reduced risk of short channel effects a 
resaltxof >t'he^ 

sill on layer overlying an insulator layer This is 
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|:t;he : :c^rly::bracHeti3^ 
amorphous region goes, from the 
interface with the Si layer, a first interface, up to aX 
cond interface which 
between the amorphous, and crystalline portions of 
thexsi : <& : :laye:r.^ 
portion of the SiGe layer is not amorphized and remains X 



tOtoOjxFiGx^sho^ 
the initial stage of 

re-crystaiiization by solid phase epitaxy As the 

Lzed portion of the layered structure 410 is 
hshrihlcing^xThex 

propagates downwards from 
:its;:6ri^na;i:;see;dingv 

the SiGe crystalline 
>r had a second lattice constant which was larger 
_ i:the:firstyi'a^ 
I constant of the Si layer. As shown- m FIG; 5, part of 

|:thexsi:<&::la^ 
Si layer 100' are still amorphous. The crystalline top;! 
portion:;©?;:^ 

layer is now: extending downwards. In the case of a 

gr^e\*::$i^:;m^ 
crystalline: SiGe ::laye;r>is::no 

constant of the second interface Hence the strained 
crystalline^ 
annotated as layer: 520. 

100311 FIG 6 sh6W3 a schematic Cross sectional view, of 

.1. . . . ... . ' . . - . . . . , — ...... . . . ....... ............ . 7 .... ... 

th© . ■ 1 a^y e r e d - st ru ct u re. ■.■.•.■.■.".■.■.*.".".*.•.•.•.•.•.'.■.".•.•.■.•.■ 
a f te r : : r etcry st al l iz ati on > ; : .whe rei n ' : t he xsi: : :1 ay e rx has: : : : : 
lac^irad:^ 

The part of the SiGe layer which was amorphized is how 

■st.rMne.d,>whi.ch:i;s 

indicated with the new annotation 520 referring to the 

xSixla^ 





:i^th::thi^:::the^ 
^fab'ricate^^^ 

siiicon-on-insulator layer that can be used to house 
de^^.s;;and:;^rcuits> : ::^ 

has to remove the SiGe layer from the top of the 
strained Si layer, Methods 

for such removal are known in the art, and are 

. *y ■ . .n.e • . by • s I e 1 e ct i ve 
etching, such as with 1HF' 2.H sub 20 sub 2 
3CH; : sub::3(^PH.;:;XThe:;use:o^ 
seiec*iw::si^::etc*ant^^ 
relaxed SiGe film having a 

u hif 6 rm. Ge : cbrice ht r at i bri : t hat : e xt'e rids : down: to- : t he X - X : • X 

.......... ... ......... . ...... . . . ? . . . . . ... .~X~.*f . . . . .~**t 

SiGe7si:;interfaceX(v*ich;:isX 

ty pi cal ;ly : ■ the : ;\*Vn : -the ■ : r el axed: ■ : s iGe: : :1 ay e r. : : is : : made : ■ 

■a^in^^i . 'j^^tb^b d) j : :®.it^' : 'is^^ 1 ^^ ^ ■ . ?iGe . _buf f e r. .layers, it - . i s ■_■ 
-'-'*: time: preferable: tdX X X-X-X-X X-X-: x-X : x-x :-X-X'X'XOX' 
>rporate a stop-etch layer or marker at the SiGe/ Si 
l^ntsrfacevX^ 

Wron: : deltaXdoping.: : i 
layer for both wet and dry 
etching:;: 
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which a photoresist layer 3.4 is deposited and a 
lithographic process is 

performed to ope.n- a window 36 in the area where gate 
structure 14 will later be: 

formed; In an exemplary embodiment, gamarviJjjtu 
silicon, xenon, or any 

amor pho sizing species are implanted through window 3.6 
and into substrate: 12 

This amor phizat ion implant amor phizes back gate region fi|| 

iflflrmanium ions are provided, at a. very heavy dose (e g ,. ||| 
5. times. 10. sup. 14 

-5 -times 10, sup 15 cm sup -2) After the: amorphization:||| 

phosphorous^ or any such species of N-type dopant is 
implanted through the 

window 36 and into: substrate: 12, Alternatively/ P^typef|? 
dopant implants may be 

used The dopant implant provides a doping of back 

gate;: region -:38>^ 

12v : : : : : Re^6h : :58: : can: : be: : :a: : he:ayi 

or P+) Region 38 is |$gj 
50-r200 .nm. deep. and. 10 0-t5 00 nm. wide. and. designated by a. ; I 
dashed area in FIGS 

(11) IN FIG 7, a cross -sectional view of portion 10 
illust rates . a -.step-. in. 

which photoresist layer 34 is removed and an amorphous 
silicon layer 40 is 

del 'posit ed : | over; : ; o:xid<i: : -i ay frrx 22 : j and : ^ubsrt; tat e : ; 12 Ljxjznxone:^ 

amorphous silicon layer 40 has -a thickness of 100^300 

: .ANG'.: : : : : : ahd : :Is. : :dep6sited:;: : :;X 

at a temperature of 4 5 0-50 0G The opening in oxide 

layer 22 provides a short : ^ 

depot! p Ao* ] -XAvfoh— H^chwvd — j 




which portion 10 is exposed to laser energy, such as an 

having a 308 nm wavelength The laser energy melts 
amorphous -:s 

and amorphous silicon region 38 due to the low melting 

point : : of \'&6tyhou&\\\^ 

silicon as compared with adjacent crystalline silicon 
s iitet r at'eX 12 :; : ; : ; : ; : x ^ 

Alternatively, other annealing and rapid thermal 
annealing:^ 

(13;) In FIG. 9, a crpss^ sectional view of portion 1Q 

11 lust rat es a st ep; in 

Which, after the laser energy is removed, amorphous 
silicon layer 40 and 

amorphous back gate region 38 become re crystallized, 
Recryst aiiiz at io:n : : occur^ ^ 

When : amor pho us : re gions : 3 B: a nd : 4 0 : a re : trans f o rme d ■ : int o : : 
r e gi ons ; : wit h> a : ; c r^ 

structure matching that of adjacent crystalline 
substrate • :12\ : : : : : The: : :dri vih 
force : : : for;;this|:rec 
inte'rnaixenergyxbety^enXX 

the melted amorphous regions 38 and 40 and adjacent 
c rystal li riev sub^t rat e. i;!v!vXv!v!;!vXv!v!vXv!vXv!v!;X;Xv!v!v! 
Amorphous silicon layer 40 is separated from substrate 

12 • : by: • :b ^d^x lay e:r- : 2 2x 

The : ope rii; hg ; : in : ; o xide: ; 1 ay e r ; : 22 : ; ope rate s '. ;asX a : ; see ding • ; X 
window : : >^ich^ 

amorphous silicon layer 40 to contact substrate 12, 
t-hO're^Xp ro^ 

driving force in the form of differential internal 

e,her^.';'for';rec^ 
6:f ;:silIcorixlayerx4tixv 

(14) The N+ dopaht present in amorphous silicon 
region 38 becomes well 

activated due to the melting and recrystallization 

process^-xs^ 

t Si lig,,at,ion,f, ,. x&aissk 38 be coro.fta . ,ba.ck. . .aatft ■,.,.,r,ft,.a,j. fin..,. . .J;?! 
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grated circuits and 
|d circuits More 

;l»:to; :a';m8thcd:pf> 
| a double-gaie SOI 



^ENfTION 

:istary metal oxide 
licbiiology for uJirer 

Over the last two 
j race is tors has been 
^'^^tr^xxxxX: 
;^>cbsfetbr field 
iberaliy either bulk 
ion^msulator (S0l)r 
""s) are fabricated *a 

tor siibsttalc;: 
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i?T)RMED IN A Generally, me gate: conductor can be a metal, a poly3iiioon : 
:S§: or a poiysmcorvgermanium (SiXGe(i-x)) material that: con 

trob charge earners in a channel region between the dram 
SLATED and the source to rum the transistor oo and off Hie tran° 

< sistors can be NHiharmel MOSFETs or Prchannel MOS 
I ■ : FE1* 

application Ser Geaer&ilv, it is cesirable to manu&cwre smaller transis- 
y& herewuh entitled tors to: jnjZftasejhe comporiem c^t^eeTan mtegiaied 
Silicon- Germ snyum circuli I! is alSTTIesiraaie to reduoclnc site of mtegiaicd 
;jjBee of: fhe : pT^sent ■ • • ; circail structures, such :aa: vias,: conductive Hnes, capacitors, : 
: refeixco&, " realtors, isolation structures, coolacts, mt«u connect etc 

For example;, sian'jfiactuung a transistor having a reduced 
gate length (a reduced width of the gate conductor) can have 
significant benefits. Gate conductors wiih reduced widths 
can be formed more ctosely together, tfwreby mcreasmg the 
U^iuisistor : density • cb: the: IC: Further,; gate : conductors with : ; ' 
reduced widths allow smaller transistors to be designed, 
thereby mcreasiag speed and reducing po%*er requirements 
£br the transistors 

Heretofore, n&ograpme: tools have been utihzec to form 
transistors and o*ser s&uctures on the integrated circuit For 
example, lithographic tools can be utilized to de£ne gate 
conductors, active lines, conductive lines, vias, doped 
regions, and other structures associated with an iniegratec 
circuit Most cooventionai lithographic fabrication pro- 
cesses have only bees abk to define structures, or regions 
:hatong- a :dime^on -o^ 

In one type of convenaosel Uihographic fabricaiioc 
process, a photoresist mask is coated over a substrate: or a 
43 Jayer above the substrate The pnotoresist mask is htho 
graphically pattersed by providing electromagnetic 
j^ransistors, such as radiation^ such as, ultraviolet hghi, through ah overlay mask 
ijof a bulk substrate The pomons; of the photoresist mask exposed to the clec- 
i dram regions, and tromagnedc radlauon react (e.g. are cured). The uncureri 
;he source and frhm 2 i poruons of the pnoioresisv mask are removed, thereby ere 
% as a gate for the ating a photoresist mask havmg. a pattern transposed: fro«* 
|haune: bet^eea the the pattern associated with the overlay TTie patterned pho- 
jprs becotne smaller, tcresist mask Is utilized to etch other mask layers or smic- 
?r thickness of the tures. The etched mask layer and strjciures, in mm, can be 

must be scaled ^ used «o define doping regions, vias, hnes« etc. 
S???!???! ■ : • : : • : • '■ Se ; ! dimensions' of ; s^ctures ; or features" On :the ! ihte- '. ; '. 
ie an msuiauve sub grated circuit reacn lewis below 100 nm or eves 50 nm, 
Victor substrate that lithographic techniques are unable to precisely end cccu 
?ETa: described w*»>i rattly define the feature For example, as: described above, 
Ices Themsulauve 4s reduction of the: width of the gate conductor (the gate length) 
jiulaiive layer above associated with a iransktor o^ the active ime associated with 
| transistois on the an SOI uansistor has significant beneficial effects Future 
jhnance characterise designs of transistors tnay require thai the active hne have a 
ijtemiconductbr sub- \vidth of less than SO nanometers. 
|e buried tnsulariye :so Double-gate SOI MOSFET technology has received stg» 
i the body thicaaess nlficant attention because of its advantages relaied :o Mgi; 
;s a limited vertical drive curren t and high immunity to short channel effects A 
?t and lowering hot : : dOTrjie-galJ^WeSFET structure : (FicFet) is discussed 
i^ormance of ; SOI : -Sub: 5Q-nm FinFet;: PMOS,^ by: Huang^ et ^ International : : : 
ijaajmel performance 5 S Elecjon Devices Meefcig 1999 h addition, U S Pat No 
size transistors), 5^89302. issued to the assignee of me present applicatiori 
good for low CQ Mar. 30, 1999, diiscusses a quadrupie gate field effect 
iianon current transistor on an SOI substrate The double gate MOSFET 

circuits generally and quadruple-gate MOSFET are able so increase the drive 
| as, more man one * • current because me gase surrounds the active region by more 
lion transistors that ma^ one layer (e.g., the effecuve gate total width is increased 
? for an electronic due to the double or quadruple gate Structure) However, 
Illy complementary paUerning narrow, dense active regions is challenging As 
effect transistors discussed above with respect to gate conductors; cprryen* 
iosductor disposed 35 uooai lithographic tools are unable to accurately and pre 
I reccn The gate cisel> define acUve regicns as: structures or features wiih 
*lt oxide material: dimensions below 100 nm or 50 nm 
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